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THE BLOOD PICTURE OF NORMAI LABORATORY
ANIMALS*
ROBERT A. SCARBOROUGH
THE HORSE.
I. Method of obtaining blood. Blood has been taken from vari-
ous sources. The marginal ear vein has been most frequently used,
first shaving a small area and cleansing with alcohol and ether.
Several workers have obtained blood from a small cut in the skin
on the ventral side of the tail. A short needle plunged into the
jugular vein has proved a simple method for obtaining blood. The
lip has been used, but this does not seem a desirable source because
of the liability of contamination atiid-fheextre-me sensitivity of this
region.
II. Description of the red blood cells. The erythrocytes of the
horse are round, slightly biconcave cells, with a cellular membrane
thinner than that of the human red blood cell. Their resistance,
however, is no greater than is that of the cells of man. There is
considerable poikylocytosis, no polychromatophilia, no stippling.
Nucleation. There are no nucleated red cells in normal adult
blood (Durroux"5', Sabrazes483).
Reticulation. No reference to reticulation in the erythrocytes
of the horse could be found.
Size. The average size of the red cells is 5.71. The follow-
ing findings are reported in the literature:
Average Maximum Minimum
Durroux (I5') 5.651A 7.83/A 4.521A
Goodall (I94) 5.5
Hayem (2i6) 5.58 6.6 4.95
Ilberg (249) 7.2
Lenze (3 I4) 6.8 8.5 5.I
Magnan (339) 6.5 -
Malassez (340) 5.5
Mikrukow (367) 5.78
Sabrazes, et al. (483, 484, 485) 5.63 7.83 4.52
Schmidt, C. (50.3) 5.7 6.o 5.3
Trasbot (568) 7.2
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III. Enumeration of the red blood cells. Erythrocyte counts in
the horse do not show as great variations as are recorded for the dog,
guinea pig, and rabb'it'. The average Of 3I8 counts by 23 inves-
tigators is 7,800,00 per cu. mm., with a normal range of about.6
to 8.5 million.
Following is a table of the counts found in the literature.
ERYTHROCYTES
Authort*y 7
Baum (za) 9.4 - normal Colt
8.6 -normal Stallion
6.8 -- normal Mare
7.7 -- normal Gelding
Burnett (80) S.5 10.0 7.0' normal
7.5 9.0 5.5 normal
5.7 7.5 5.5 normal
Durroux (15) 8.7 10.0 8.i 6 6
Frank (177) 7.9 9.2 6.5 normal
Fritsch (i8i) 6.9 -- 10 10
Gasse (i88) 9.4. normal Stallion
- - normal Mare
8.3 -normal Gelding
Hayem (2zi6) 7.4. normal
Kuhil (295) 6.9 7.4 6.4 J 1 0 I0
Malassez (340, 343) 6.3 -- normal
5.4 -normal Ass
Marloff (350) 8.2 -I 10 JO0
7.3 - JO JO
Meier (360) 8.o -12i 1a
Mikrukow (367) 7.2 -- normal
Moore, et al. (374) 7.9 9.9 7.2 7 7
Prus (4 7.0 7 - normal
Sabraz&es, et al.
(4.83j, 485) 8.i 8.7 6.7 8 8
Schulze (512) 6.8 -1 4. 14
Storch (547) 8.2 8.4 8.0' 2 2 Stallion
7.6 8.4 5.7 7 7 Gelding
7.1 7.6 6.3 6 6 Mare
9.4 9.8 9.0 2 2 ColtBLOOD PICTURE OF NORMAL LABORATORY ANIMALS 433
ERYTHROCYTES
Authority
I A :;?,. |
Sussdorf (551) 6.7 8.o 6.5 normal
7.8 normal
Vallee & Carre (575) 7.8 I I
Wells & Sutton (605) 7.9 normal
Wendelstadt &
Bleibtreu (6o6) 85 II.5 6.o 6 6
Wetzl (607) 7.5 8.7 6.2 6 6
5.4 - I I
Wiendieck (6i2) 6.9-Io.3 10.3 5.4 20 20 Stallion
5.4- 9.3 Gelding
5.9- 9.7 Mare
Average 7.80
(318 counts by 23 authors)
IV. Physiological variations of the red blood cells.
Age. Young animals have considerably higher counts than
have adults (I to 2 million), while the number decreases with old
age (Storch547, Baum22).
Sex. Females have counts averaging 0.5 to 1.5 million lower
than males (Durroux151, Storch547, Gasse188, Wiendieck812, Suss-
dorf551, Burnett80).
Castration. Storch547 found no difference in castrated and nor-
mal animals. Pinzani437 believed that castration caused some in-
crease in the red cell count.
V. Hemoglobin content. The normal percentage of hemoglobin
ranges from 70 to 95 by the Sahli method. The following table
gives the findings of various authors.YALE JOURNAI. OF BIOLOGY AND MEDICINE
Authority
Durroux
Fritsch
Goodall
Hofmann
Kuhl
Moore, et al.
Sabraz's,
et al.0 (4
Schulze
Wetzl
HEMOGLOBIN
t .~ u t
%s
I
Technic
(5 1) 74 84 68 6 6 Gower: Sahli: and Fleischl
100% I4.5g. to 100 CC.
(i8i) I2.4 - 10 1io g. per IOO cc. blood.
(194) 90 normal As %o of human standard.
(236) 92 I00 75 normal Sahli.
15.9 - - normal g. per 0oo cc. blood: Biurker.
(295) 12.9 13.5 11.2 I0 IO g. per IOO cc. blood: Jugu-
lar, Hiufner's spectrophoto-
meter.
(374) 94 110 85 7 7 Gower: Oliver.
83,485)
(5I2)
(607)
74
I I . I
17
84
8o
68 8 8 Fleischl.
14 I4 g. per I00 cc. blood.
55 7 7 Fleischl.
VI. Physiological variation in hemoglobin. The hemoglobin curve
closely follows the curve of the erythrocytes in normal horses, be-
ing higher in colts and decreasing in old age (Kuhl295, Sa-
brazeS483' 484, 485)
VII. Description of the white blood corpuscles.
Polymorphonuclear neutrophils. These cells are analogous to the
neutrophils of man, averaging I2 to I4U in diameter. The nucleus
has an unusual degree of lobulation, exhibiting multiple entangle-
ments, often in the form of a knotty coronet (Durrouxt51). Rarely
there appear to be several separate nuclei in a single cell.
The protoplasm is fairly abundant, containing very fine granules,
which become less numerous near the border of the cells
(Sabrazes484). Careful staining is necessary to make the granulation
stand out clearly. The granules are neutrophilic, although Bidault89
calls them amphophilic, and Meyer"63 pseudo-eosinophilic.
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LyVmphocytes. These cells show the same characteristics as
do those in human blood. They vary from 4 to I21L in diameter,
and coInsist of a round protoplasmic disc enclosing a voluminous
pyknotic nucleus. In some of the larger cells a few azurophile
granules are seen in the clear protoplasm.
There is a certain group of cells, representing less than i
per cent of the leukocytes, called "Lymphocytoides" by Sa-
brazes483, 484, 485, and "large lymphocytic elements" by Durroux"5',
which are considerably larger than the usual lymphocytic cell and
appear to be an early form in the lymphocytic series.
Large mononuclear and transitional cells. These closely re-
semble the human cells of this type. They are 8 to I6jt in diam-
eter, occasionally even larger. The nucleus is oval, reniform, or
lunate, consisting of a dense network of chromatin, with thickenings
at nodal points. The feebly basophilic protoplasm sometimes coIn-
tains discrete azurophile granules.
Polymorphonuclear eosinophils. These cells are larger than
are the neutrophils, and may vary in diameter from IO to 201L.
The nucleus is quite vesicular, somewhat less broken than that of
the neutrophils, and is often marked by the very large eosinophilic
granules, which average in size 2.4p, varying from I.7 to
3.041 (Sherrington5"0). Durroux"5'reports the average size as 2.61t,
varying from I.7 to 3.4^1. Sherrington gives the number of granules
in an individual cell as varying from I2 to 20. Durroux considers
the average number to be 25. These granules are the largest found
in any mammal. They are spherical or ovoid in shape, unequal
in size, and strongly eosinophilic.
Polymorphonuclear basophils. These cells are about the size of
the eosinophilic cells, with a vesicular nucleus, often bilobed, some-
times reniform. The granules are very distinct, round, and larger
than the corresponding granules of man, being about i to 2X in
diameter. They are strongly basophilic, staining metachromatically.
VIII. Enumeration of the white blood cells. The average total
leukocytic count found in 243 counts by 24 investigators was 9,260
per cu. mm. The range of normal values given by different au-
thors is fairly wide, being from about 6,ooo to I2,000.
435436 YALE JOURNAL OF BIOLOGY AND MEDICINE
The average percentages, with approximate normal variations
are as follows:
Polymorphonuclears 56.8%"o (5o-65%o)
Lymphocytes 30.4% (20-40%)
Large mononuclears and transitionals 8.5%' ( 2-I2%.)
Eosinophils 3.79o ( l- 5%o)
Basophils 0.46%o ( o- I0)
T.he following table gives the total and differential counts found
in the literature.BLOOD PICTURE OF NORMAL LABORATORY ANIMALS
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IX. Physiological variations of the white blood cells.
Age. Storch547 and Durroux"'5 found that there is no constant
change in the total leukocytic count with age. R6ssle4"' believes
that the white cells are more numerous in the young.
Bidault37 gives a table covering age periods from 3 months to i
year, showing a progressive increase in the neutrophils from 32 to
6o per cent with a corresponding decrease in the mononuclears from
64 to 32 per cent. The eosinophils increase until adult age, and
then remain constant. Durroux"5' gives quite similar findings, not-
ing an absence of eosinophils and basophils in the newborn, with a
progressive increase of eosinophils up to 4.6 per cent in the adult,
with slight diminution in old age, while the basophils increase pro-
gressively to I.22 per cent in old age.
Sex. Durroux"5', Gasse186, Kuhl295, and Wiendieck"'2 found
a higher total leukocytic count in males than in females. Storch547
and R6ssle475 could find no noticeable differences between the sexes.
Feeding. There occurs a slight digestive leukocytosis in the
horse, but this is by no means as extensive as in man or in other ani-
mals. Sabrazes48"' 48X, 4 found an increase of about 13 per cent in
the total count, reaching a maximum four hours after feeding, with
a diminution of neutrophils and large mononuclears.
Breed. Differences in total and differential counts in various
breeds of horses are not great. Durroux151 has found some differ-
ence in the normal differential counts in the horse, mule and ass:
Horse Mule Ass
Polymorphonuclear neutrophils 58 54o 54o 47%o
Lymphocytes 30 39 37
Polymorphonuclear eosinophils 4.6 2.5 IO.
Polymorphonuclear basophils o.I8 O.I5 0.24
Castration. Pinzani437 believes that there is some reduction in
total leukocytic count in castrated animals.
Exercise. Sabrazes483' 484, 485 has found that after strenuous ex-
ercise there is an extensive polynucleosis, even up to 90 per cent,
with a lymphopenia and hypo-eosinophilia.
X. Platelets. The literature is inadequate for drawing conclu-
sions as to the normal platelet count. Following is a table of the
values recorded.
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Durroux
Fritsch
Kuhl
Prus
Sabrazes
(i8i)
(295)
(444)
(483)
73,000
"few"
"few"
500,000
73,000
(35,000 tO 130,000)
XI. Coagulation time. The following table gives the normal
coagulation time as recorded by various authors.
Amendt
Delafond
Durroux
Dorst & Mills
Meier
Parey
Rollet
Sabrazes
Walther
(7)
(122)
(15')
('3')
(360)
(428)
(47')
(483)
(588)
i I/2 min. Biirker's method
I to i8 min.
21 min. (I4 to 28)
3Y/2 min.
I5 min. (12 tO I8)
15 to 30 min.
5 to I5 min. Thackrah method
Twice as long as human blood
conditions
Biurker's method
XII. Resistance of the red blood cells. Sabrazes483 484, 485 found
beginning hemolysis in 0.42 per cent saline solution, and
complete hemolysis in 0.30 to 0.32 per cent saline. Limbeck8"
found beginning hemolysis in o.s6 per cent saline. Resistance is
less in the female than in the male.
XIII. Blood volume. Heissler224 concluded that the blood volume
is equal to IO per cent of the body weight.
XIV. Specific gravity. Durroux"5' gives a normal value of 1.049.
In 14 animals, Schultze"12 found an average value of 1.0453, with
a range of I.042 to I.054. Sabrazes483' 484, 4S5 believes the normal
value to be 1.049.
I 3 ailimals
normal
6 animals
normal
normal
normal
normal
under same
normal
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